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ABSTRACT OF THESIS 
 
 
 
 
EFFECTS OF STREAMSIDE MANAGEMENT ZONE TIMBER HARVEST ON 
SALAMANDER COMMUNITIES IN ROBINSON FOREST 
 
 
Salamanders are critical components of forest ecosystems, in terms of total 
biomass, as well as for their value as indicators of ecosystem stress. Considering the 
worldwide decline in amphibian populations, the known effects of timber harvest on 
salamander populations, and the importance of the forest products industry in Kentucky 
and elsewhere, the impacts of silvicultural operations on salamander communities cannot 
be overlooked. The objective was to investigate the effects of three different silvicultural 
treatments, each involving different streamside management zone (SMZ) characteristics, 
on salamander communities in ephemeral streams. Data were collected by regular checks 
of pitfall traps, coverboards, and transect searches. Using both pre- and post-harvest data, 
abundance estimates were acquired using binomial mixture models. Declines in some 
species of terrestrial and stream-breeding salamanders were detected, and were shown to 
be likely related to characteristics of the corresponding silvicultural treatment. Applying 
modest SMZ regulations to ephemeral streams would likely alleviate these declines 
significantly. 
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CHAPTER 1 
 
EFFECTS OF STREAMSIDE MANAGEMENT ZONE TIMBER HARVEST ON 
SALAMANDER COMMUNITIES IN A MIXED-MESOPHYTIC FOREST 
  
Introduction 
In the past half-century, many amphibian species have been experiencing 
worldwide declines, a phenomenon that has been interpreted as indicative of a global 
decline in ecosystem integrity (Houlahan et al. 2000, Blaustein and Bancroft 2007). 
Habitat loss and degradation has been cited as the primary threat to amphibian 
populations, especially those associated with freshwater wetlands or riparian areas 
(Semlitsch 2000, Lannoo 2005). 
Numerous federal, state, and local measures have been taken to protect riparian 
areas, including the commonly used forest management practice of designating 
streamside management zones (SMZs). The regulations regarding the application of 
SMZs have been formed with the primary goals of protecting water quality and 
associated biological components, and typically consist of either unharvested or heavily 
regulated buffer strips alongside waterways (Rudolph and Dickson 1990, Perkins and 
Hunter 2006), which often provide habitat for a number of wildlife species (Semlitsch 
and Bodie 2003). Yet despite these well-intended efforts, estimated core home ranges for 
some stream breeding salamander species suggest that most SMZs are likely inadequate 
in size and scope to protect the habitat of many salamander species (Crawford and 
Semlitsch 2007). This is especially true when considering headwater streams, especially 
intermittent and ephemeral streams, where protection is less emphasized in SMZ 
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regulations over that of perennial streams. Headwater streams account for the vast 
majority of all stream and river channel length in the United States (Leopold et al. 1964), 
and can be susceptible to many forms of pollution, including both point source and 
nonpoint sources (Sheridan et al. 1999). In Kentucky, no SMZs are required for 
ephemeral streams, and no canopy retention requirements apply to ephemeral or 
intermittent streams (Stringer and Perkins 2001). In addition, the guidelines are not 
legally binding in many states, and in Kentucky requirements depend on harvest and land 
ownership characteristics (Stringer 1998).  
Ephemeral streams in particular are significant providers of wildlife habitat, 
including salamanders (Hairston 1987). Despite the fact that ephemeral streams have no 
surface water most of the year, the breeding season for most stream-breeding 
salamanders typically coincides with the return of surface flows in these streams 
(Petranka 1998). In addition, ephemeral streams serve as important vectors of dispersal 
for many salamander species, the movements of which have been found to display an 
upstream bias (Grant et al. 2010). We therefore might predict that protecting ephemeral 
streams from disturbances such as timber harvest would be vitally important to many 
salamander species, yet most previous studies only sampled intermittent and perennial 
streams. 
Salamander populations can be difficult to assess due to seasonal inactivity, 
fossorial habits, cryptic behavior, and movements frequently correlated with specific 
climactic conditions (Jung et al. 2000, Hyde and Simons 2001). Therefore, the probability 
of detection is an important part of a population assessment, especially when dealing with 
responses to disturbance (Price et al. 2011). Binomial mixture models developed by 
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Royale (2004) and Royale and Dorazio (2008) take into account differences in detection 
probabilities when calculating abundance estimates. However, this approach has not been 
taken in earlier studies which examined salamander population responses to timber 
harvests.  
 My study, conducted in a mixed-mesophytic forest of southeastern Kentucky, 
examined how timber harvest using the current Kentucky Best Management Practices 
(BMPs) and an enhanced version of the current BMPs affected salamander communities 
inhabiting ephemeral streams. Findings from this study will be informative in 
understanding salamander ecology in stream headwaters of this forest type, and will 
assist managers in the development of guidelines for management of salamander species 
in Kentucky and beyond.  
Methods 
Study Site 
 The study was performed in the main block of the University of Kentucky’s 
Robinson Forest (RF), located in Breathitt and Knott Counties, in southeastern Kentucky. 
The main block of Robinson Forest contains nearly 4000ha of relatively intact second 
growth forest. Elevations range from approximately 243m to 487m (Overstreet 1984). 
Public access to the forest was restricted, and trespassing was generally thought 
uncommon (C. Osborne, University of Kentucky, personal communication). All roads 
were dirt or gravel, and most stream crossings were unimproved. 
 The predominant forest community was characterized as mixed mesophytic, 
including roughly 30 co-dominant tree species (Braun 1950). In the main block of RF, 
these included American beech (Fagus grandifolia), yellow-poplar (Liriodendron 
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tulipifera), basswood (Tilia spp.), sugar maple (Acer saccharum), northern red oak 
(Quercus rubra), white oak (Quercus alba), eastern hemlock (Tsuga canadensis), and 
yellow buckeye (Aesculus octandra). Understory species included eastern redbud (Cercis 
canadensis), flowering dogwood (Cornus florida), spicebush (Lindera benzoin), pawpaw 
(Asimina triloba), umbrella magnolia (Magnolia tripetala), and bigleaf magnolia 
(Magnolia macrophylla). Ridge tops, south facing slopes and areas with rocky shallow 
soils are characterized by oak-hickory (Quercus-Carya) and oak-pine (Quercus-Pinus) 
communities (Overstreet 1984). 
Timber Harvest Methods 
 Between June 2008 and March 2009, six first-order watersheds were harvested in 
RF, four of which were used in this study. The watersheds were harvested using a two-
age deferment harvest (shelterwood with reserves system) that resulted in a two-age stand 
with a residual target basal area of 15 square feet per acre of reserve trees (Witt et al. 
2013). This was the method used over the entirety of the watersheds, with the exception 
of landings, trails, and the areas subject to streamside management zone treatments. 
Blocking of ephemeral channels with logging debris was not permitted, in accordance 
with Kentucky’s Best Management Practices (BMP) guidelines (Stringer and Perkins 
2001).  
 The characteristics of each harvest treatment are shown in Table 1.1. Treatment 1 
was designed to reflect the SMZ requirements of current Kentucky BMPs, while 
treatment 2 was designed to reflect an augmented version of those requirements, 
including a wider SMZ and improved crossing requirements (Table 1.1). When assigning 
stream classifications, the categories of perennial, intermittent, and ephemeral were used. 
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We defined perennial as a stream which flowed continuously except in extreme drought 
conditions, intermittent streams were defined as those which flowed primarily during an 
annual wet season, and ephemeral streams were defined as those which flowed only 
during short periods during surface runoff events, such as after snowmelt or heavy 
rainfall (Fritz et al. 2008). 
All skid trails were constructed with a bulldozer, typically along contour intervals. 
Stream crossings were constructed according to treatment. The most common vehicles 
using stream crossings included rubber tired cable or grapple skidders, although 
occasional crossings were made by tracked machines such as feller bunchers and 
bulldozers (Witt 2012). After the harvests were completed, skid trails were retired in 
accordance with Kentucky’s BMP guidelines (Stringer and Perkins 2001). This entailed 
the removal of all improved crossing structures, building of permanent water control 
structures (“water bars”), and seeding of the skid trail surfaces adjacent to ephemeral 
stream channels. 
 For treatment 1, no improved crossings were used for ephemeral channels. 
Machinery crossed the stream channels at right angles, and material moved during skid 
trail construction was placed directly into ephemeral channels to facilitate equipment 
movement (Witt 2012). For treatment 2, where improved crossings were utilized, they 
were typically composed of wooden skidder bridges, steel culverts, or PVC pipe bundles 
(Mason and Moll 1995), and equipment was not permitted within 25 feet of the stream. 
Additionally, the nearest overstory tree to the stream bank was retained in treatment 2 (a 
“tree stringer”). Typically, skid trail stream crossings were in use for a 2-6 week period, 
and removed after the area was harvested. 
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Salamander Sampling Methods 
We examined the impacts of timber harvest on salamander communities by 
sampling 11 randomly selected ephemeral headwater channels spread across 6 
watersheds of the 1,545 ha Clemons Fork drainage. The watersheds ranged from 25-60 
ha, were located in the same elevation range (305m-378m), and all had bank slopes 
exceeding 15 degrees. Treatment assignments are in Table 1.1. Watersheds, coordinates 
of each site, a map of the sites, and selected physical characteristics of each site may be 
found in Appendix A, Tables 1 and 2. 
Salamanders were sampled using a combination of drift fences and pitfall traps, 
and visual encounter surveys that included coverboards, leaf litter searches, and stream 
transect searches. The sites were sampled once per month from 23 September to 24 
November 2011, and from 27 March to 4 November 2012. Each sampling period 
consisted of 3-8 days, timed with a rainfall event if possible, during which pitfall traps 
were opened continuously and checked daily. Cover board checks, leaf litter searches, 
and stream transects were performed once per sampling period.  
One array was present at each site, and the pitfall trap was located on a randomly 
chosen side of the stream channel (Appendix A, Figure 2). The pitfall trap consisted of 
four 13.3L buckets buried flush with the ground, one in the middle and three spread out at 
120 degree angles at the end of a 15.2m drift fence. One exception was made for the 
northeast trending arm of site I in the Wet Fork drainage, which was reduced to 6.1m due 
to the presence of another ephemeral stream in its course. The drift fences consisted of 
erosion control fence (landscape fabric) buried into the soil and stapled over stakes for 
support, and were typically 40cm high and 2cm-3cm wide at the top and bottom.  Before 
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each sampling round, every effort was made to repair the drift fences and pitfall traps 
when damage from wildlife, primarily elk (Cervus elaphus), was noted. 
Twenty coverboards were placed at each site, ten on each side of the channel and 
all within 5m of the stream edge. Cover boards were originally placed in 2005, and had 
been replaced when any measureable piece had broken off (Schneider 2010). The boards 
were composed of 60cm x 60cm sheets of untreated plywood, 1.5cm thick, similar to 
those used in other studies (Houze and Chandler 2002, Marsh and Goicochea 2003).  
Stream transect searches were conducted along a 50 meter transect, starting either 
where the ephemeral stream intersected with an intermittent stream (sites A, B, C, E, F, 
H, I, J, K) or where the first downstream coverboard had been placed (sites D and L). 
During stream sampling, every moveable cover object larger than 10cm in diameter was 
overturned, and any salamanders revealed were captured or at least identified to genus 
level. For sampling periods from 23 September 2011 thru 24 November 2011, only a 5m 
stream transect was conducted, but from March 2012 onwards, a 50m transect was used 
in order to maximize detection of Desmognathus spp. individuals. Residual basal area 
was also measured using prism plots at 10m intervals along this transect. These 
measurements were averaged to produce one residual basal area value for each sampling 
site. 
Ten random leaf litter searches were conducted once per sampling round at each 
site, five on either side of the stream. In accordance with Schneider 2010, each litter 
search involved a 50cm2 patch of ground within 5m of the stream bank which was 
removed of leaf debris one piece at a time until bare dirt was exposed. Any salamanders 
uncovered were captured, or at least identified to genus level. 
8 
 
Number of trap nights per site was defined as nights the pitfall traps remained 
open (Appendix A, Table 3). If all the buckets in one drift fence and pitfall trap array 
were open for one night, it was counted as one trap night. Each night of operation per 
bucket was counted as 0.25 trap nights; therefore, if one bucket out of four in the trap was 
closed for the night, but the other three were open, it would count at 0.75 trap nights. 
Variable Sampling 
 Meteorological data, including rainfall and daily minimum temperature, were 
obtained from a permanent weather station (data loggers used were Campbell Scientific 
CR10X, Campbell Scientific, Logan, Utah, USA) located on the northwest bank of 
Clemons Fork about three kilometers south of the intersection of Clemons Fork and Little 
Millseat Branch (Appendix A Figure 1, Table 6 ).  
Salamander Community Assessment 
I used a binomial mixture model developed by Royle (2004) to analyze timber 
harvest treatment effects. This model uses sampling conducted by spatially and 
temporally replicated counts to estimate abundance, survey and site-level covariates, and 
detection probabilities, while providing estimates of uncertainty affiliated with each 
parameter (Dodd and Dorazio 2004, Price et al. 2011).  The model can be defined as: 
            J 
[yi | Ni, pi] = Π Bin (yij | Ni, pi) 
         j=1 
Where Ni represent animals sampled, pi represents detection probability, and J represents 
sampling events.  
I treated abundance estimates of four different species (Eurycea cirrigera, 
Notophthalmus viridescens, Plethodon glutinosus, and Plethodon richmondi) and one 
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genus (Desmognathus) as individual response variables. We assumed salamander 
abundance may differ between treatments and between different levels of our covariates 
(basal area and hydroperiod), and therefore considered the site-level abundance (λ) to be 
modeled with Poisson distribution as: 
Ni | λi ~ Poi (λi) 
log (λi) = β0 + β1 · treatment · covariate 
After examining differences in abundance among different populations, I simplified 
assumptions by using a Poisson regression formula (Price et al. 2011), defined as: 
log (λi) = β0 + β1xi 
Using this, we quantified the relationship between habitat variable xi and local abundance 
λi at the ith sampling location. 
 We modeled our individual detection probability (p) following a binomial 
distribution (Kéry et al. 2009), and our model was defined as: 
yij | Ni ~ Bin(Ni, pij) 
I used temperature (ºC) and rainfall (cm) as covariates to account for differences 
in salamander activity and detectability between sites and sampling rounds. I modeled 
heterogeneity based on these variables as: 
yij | Ni ~ Bin(Ni, pij) 
logit(pij) = α0 + α1(temperature) + α2(rainfall)  
 After collection from the weather station and conversion of units, temperature and 
rainfall data were standardized to a z-score with a mean of 0 and a standard deviation of 1 
before being incorporated as covariates in the model. 
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 After running this model, I ran two additional models identical to it except for the 
inclusion of an additional covariate; either residual basal area or hydroperiod. This was 
done to account for differences within each treatment in terms of these variables, which 
differed within treatments due to site-specific hydrologic characteristics (reflected in 
hydroperiod values) or site-specific harvest differences (reflected in residual basal area 
values), which resulted from discretion of logging companies during harvest 
implementation. Both basal area (Ross et al. 2000) and hydroperiod (Semlitsch and 
Skelly 2007) can be important factors in terms of amphibian abundance. 
 I used WinBugs version 1.4.3 (Spielgelhalter et al. 2003) to estimate population 
parameters, and relied on R version 2.15.2 (Venables and Smith 2012) for additional data 
analysis. I used non-informative priors, and in accordance with Royle and Dorazio 
(2008), we assumed β ~ N (0,102), α0 ~ N (0, 1.62) α1 ~ N (0, 102), α2 ~ N (0, 102). 
Posterior summaries for parameters were based on 100,000 Markov chain Monte Carlo 
iterations, with a 20,000 sample burn in and a thinning rate of 5. After they were 
generated, abundance estimates were log transformed via [(exp(β0) · exp (β1 · 
treatment))]. Means and standard deviations for each model coefficient were calculated, 
along with 2.5 and 97.5 distribution percentiles, representing 95% Bayesian credible 
intervals. 
Results 
 Over the twelve sampling rounds from 23 September 2011 to 4 November 2012, I 
captured 382 salamanders belonging to ten species and 3 families. Salamander captures 
organized by species and by site can be seen in Table 1.2. Data organized by each method 
utilized in the trap arrays and salamander species was also gathered (Tables 1.7, 1.8).  
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The number of salamanders captured varied greatly from month to month. Based 
on the sampling rounds, the time of year producing the highest number of captures was 
March thru May and September thru November, a trend also seen in Schneider (2010). 
Additionally, captures of some individual species were highly seasonal, namely 
Plethodon richmondi (Appendix A, Figure 3).  
Our binomial mixture model generated abundance estimates for each genus and 
species (Table 1.3). Our analysis showed that treatment 1 had significantly fewer 
Desmognathus and Plethodon glutinosus salamanders than the control. Additionally, 
treatment 1 had fewer Eurycea and Plethodon richmondi salamanders than the control, 
but the 95% Bayesian credible intervals overlapped. On average, treatment 2 was 
determined to have more Desmognathus, Eurycea cirrigera, Plethodon glutinosus, and 
Plethodon richmondi salamanders than treatment 1, but less than the control and was 
within the 95% Bayesian credible intervals of both. Notophthalmus viridescens did not 
display any significant or near significant preference among the treatments, and the 95% 
Bayesian credible intervals were much wider than for other species and/or genera. 
In terms of parameter estimates for the variable “treatment” (Table 1.7), treatment 
1 was associated with lower abundances of Desmognathus spp. and Eurycea cirrigera. 
Control was associated with higher abundances of only Plethodon glutinosus; and 
treatment 2 was associated with higher abundances of all species except for Plethodon 
richmondi. 
Covariate analysis showed significantly a positive relationship between rainfall 
and Desmognathus captures, as well as a significantly negative relationship between 
temperature and Plethodon richmondi captures (Table 1.4). The inclusion of residual 
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basal area as a covariate did not significantly change any abundance estimates (Table 
1.5), although the covariate itself was positively associated with Plethodon glutinosus 
abundance.  
The inclusion of hydroperiod as a covariate did change some abundance estimates 
(Table 1.6), although it did not change the relationships between the abundance estimates 
and the treatments in relation to the original model or the model which included basal 
area as a covariate. However, hydroperiod was highly associated with increased 
abundances of all salamander species except for N. viridescens. 
Discussion 
 Treatment was shown to have significant negative impacts on salamander 
abundances in ephemeral channels for several species, but identifying the specific 
mechanism responsible for these declines can prove challenging. Reduced buffer widths 
have been shown to cause increased sedimentation (Witt et al. 2013), which has negative 
effects on stream-breeding salamander species by eliminating interstitial spaces among 
the substrate of the streambed (Lowe and Bolger 2002), particularly during the larval 
stages of genera such as Desmognathus and Eurycea reliant on these spaces for feeding 
and refugia (Willson and Dorcas 2003). Previous studies found increased TSS 
detrimental to gill condition in minnows, and that gill damage can be caused as a direct 
result of sedimentation due to construction and use of logging roads (Reid 1998, 
Sutherland and Meyer 2007). It may be that these suspended sediments have similar 
effects on the gills of larval salamanders, such as the effects which have been found in 
other aquatic breeding amphibians (Wood and Richardson 2009).  
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 Witt et al. (2013) conducted water sampling from July 2008-August 2010 in the 
same watersheds as my study, and determined that ephemeral streams which received 
treatment 1 were found to have average total suspended solids (TSS) and turbidity 598% 
and 435% greater than that of our treatment 2, respectively. Witt et al. (2013) also found 
that differences between our treatment 2 and control were found to be insignificant for 
total suspended solids (TSS), but our treatment 2 was found to have a 301% increase in 
turbidity. Between our treatment 1 and the unharvested control, Witt et al. (2013) found 
that turbidity was 21 times higher in the treatment 1 ephemeral streams than in the 
unharvested control ephemeral streams., and the TSS was 14 times higher.  
 Increased hydroperiod was highly associated with increased abundances of all 
salamanders except Notophthalmus viridescens. This may represent the increase in 
habitat suitability in terms of a lower threat from desiccation, likely a persistent problem 
in an ephemeral stream. Higher residual basal area was associated with increased 
abundances of only Plethodon glutinosus, potentially a result of their entirely terrestrial 
habits, and their surface activity in the warmer summer months. 
 SMZ buffer width likely has less serious implications for terrestrial-breeding 
species because they do not rely on stream habitats for completion of their life cycle; 
however, treatments proved to have a significant effect on Plethodon glutinosus 
abundance despite only one individual being found in the stream bed (which was devoid 
of surface water at the time).  
 Although abundances of Plethodon richmondi were found to be lower in 
treatment 1 than treatment 2 or the control sites, these results were well within the 95% 
Bayesian credible interval; treatment 2 and the control were not different. Sampling for 
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this species can be difficult due to their tendency to retreat underground as deep as 1.2m 
beneath the surface between May and September; (Green and Pauley 1987). Relying on 
fat stored in the tail, individuals feed very little while underground (Petranka 1998). This 
is in contrast to the behavior exhibited by P. glutinosus, which is generally active 
throughout the year (Petranka 1998). Schneider (2010) found no P. richmondi individuals 
between May and October 2007, but found 81 P. glutinosus individuals during that time 
period in the same watersheds prior to timber harvests. This observation is supported by 
covariate outcomes from the model shown in Table 1.4, where high temperatures were 
significantly associated with decreased detectability of P. richmondi, but not P. 
glutinosus. This behavior raises two possibilities: (1) the population may not have been 
adequately sampled, since 33% of sampling was conducted during this period of 
inactivity, or (2) that this behavior could make P. richmondi less susceptible to 
desiccation as a result of the treatment effects. Aestivation during the hottest, driest 
summer months may allow larger populations to persist in the face of decreased soil 
moisture and higher surface temperatures after timber harvests. Increased sampling 
during the spring, fall, and even thaws during the winter months may yield a more 
complete population abundance estimate, and a better portrait of treatment effects on this 
species. 
The role the SMZ plays in the mitigation of population declines of many adult 
salamanders is likely one of a refuge for individuals from the surrounding harvested 
habitat. In other studies, adult densities of Desmognathus monticola have been shown to 
be higher in recently logged riparian zones with smaller forested buffers than those with 
larger ones; this population increase can be interpreted as evacuation from harvested 
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habitats (Peterman et al. 2011). The forested buffer strips likely provide key microhabitat 
variables, such as increased soil moisture and leaf litter depth, which are eliminated after 
even-aged timber harvests. However, we did not see an increase in Plethodon glutinosus 
numbers in forested buffers of similar size to the ones which were used by Peterman et al. 
(2011). 
Notophthalmus viridescens relies on a three stage life history, involving two 
aquatic stages (Petranka 1998), and is the only species of the family Salamandridae 
present in eastern Kentucky. The lack of significance and wide range in the 95% 
Bayesian credible intervals calculated for abundances is likely due to differences in life 
history traits. Only the terrestrial, intermediate eft stage was captured in this study. Since 
efts represent the desiccation-resistant dispersal stage for this species, it is not surprising 
that they are able to tolerate a variety of environmental gradients, and are likely not as 
vulnerable to the microhabitat changes which might affect other species or even other life 
stages of N. viridescens. 
Treatments affected abundance of other captured species, but not significantly. A 
cause of this is likely the low numbers of E. cirrigera species that were sampled in the 
ephemeral streams, perhaps due in turn to differences in life history traits. In southern 
Ohio populations of E. cirrigera, the larval period was determined to last two to three 
years (Duellman and Wood, 1954), while the larval periods of both Desmognathus fuscus 
and Desmognathus monticola from Ohio and Kentucky last only 8-9 months (Juterbock 
1984, Juterbock 1990). This longer larval stage, coupled with the frequency of summer 
droughts, may prohibit Eurycea cirrigera populations from thriving in ephemeral streams 
to the extent of Desmognathus fuscus or Desmognathus monticola populations. If this 
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were the case, then larvae of E. cirrigera may be at more risk from desiccation after 
timber harvests than other species in ephemeral channels. 
Based on the data collected and analysis of the results, SMZ requirements focused 
on increased buffers and canopy retention requirements for ephemeral streams should be 
put in place if salamander conservation is a priority. The buffer width applied in 
treatment 2 (7.6m) and the tree stringer eliminated significant declines in populations of 
Plethodon glutinosus and Desmognathus spp. from this two-age deferment harvest. An 
additional increase in the Kentucky BMP ephemeral stream canopy retention 
requirements may prove even more beneficial to salamanders, especially terrestrial 
species such as P. glutinosus (Harpole and Haas 1999), and is supported by the 
relationship we found between residual basal area and P. glutinosus abundance. 
Although little research has been done on ephemeral streams, studies of  post-
harvest salamander populations in intermittent and perennial streams may be of use when 
trying to determine useful regulations. Buffer widths of 0m and 9m have been shown to 
be almost identical in their effects on Eurycea wilderae and Desmognathus 
quadramaculatus abundances in North Carolina intermittent streams, but 30m seemed 
sufficient to protect the populations in the short-term (Peterman and Semlitsch 2009). 
Other sources argue that forested buffer strips are inadequate, and landscape level 
management changes are best at preserving salamander populations (Willson and Dorcas 
2003). The importance of improved crossings over ephemeral channels to reduce 
sedimentation and turbidity is also apparent (Witt et al. 2013).  
Long term studies of how salamander populations respond to harvest treatments 
are virtually nonexistent, which means that it is unclear whether or not SMZs, current or 
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enhanced, will warrant the continued existence of these populations across multiple 
generations. Additionally, since most of our sampling methods were biased towards 
adults, changes in the age structure of populations could have gone undetected in our 
study. 
Resource extraction from headwater regions of watersheds will continue 
worldwide for the foreseeable future. When realizing the plethora of tangible benefits and 
ecosystem services reaped from these habitats, it becomes apparent that a harmony 
between extraction of resources and retention of ecological integrity must be reached for 
any hope of long term sustainability. To ensure this lasting balance, more research is 
certainly needed on ecosystem responses to extraction, but implementation of practices to 
mitigate habitat degradation should still be undertaken in the meantime. 
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Table 1.1. Timber harvest treatments, including streamside management zones (SMZs), 
implemented during 2008-2009 where sampling occurred in ephemeral stream channels 
of Clemons Fork watershed, Robinson Forest, Breathitt County, Kentucky. 
 
 
Treatment SMZ Width (m) SMZ Canopy Cover Retention (%) Stream Crossings
 
 
1 
 
0 
 
0 
 
unimproved2 
 
2 7.6 tree stringer improved2
 
Control no harvest no harvest no harvest 
 
 
 
2 Improved crossing included wooden skidder bridges, steel culverts, and PVC pipe 
bundles. Unimproved crossings were fords. 
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Table 1.2. Salamander captures organized by species and by site for sampling conducted 
from 23 September 2011 to 4 November 2012. 
 
 
 Site  
 
Species 
 
A 
 
B 
 
C 
 
D 
 
E 
 
F 
 
H 
 
I 
 
J 
 
K 
 
L
 
Totals 
 
 
Ambystoma maculatum 
 
1 
 
1 
 
0 
 
0 
 
0 
 
0 
 
0 
 
1 
 
0 
 
0 
 
0 
 
3 
 
Desmognathus fuscus 2 7 37 3 38 30 9 3 9 2 0 140 
 
Desmognathus monticola 0 0 1 0 1 13 0 0 7 0 0 22 
 
total Desmognathus 2 7 38 3 39 43 9 3 16 2 0 162 
 
Eurycea cirrigera 5 1 9 0 1 4 1 2 2 0 0 25 
 
Eurycea longicauda 1 0 0 0 0 0 0 0 0 0 0 1 
 
Gyrinophilus 
porphyrititcus 
0 0 2 1 0 5 3 1 0 0 0 12 
 
Notophthalmus viridescens 3 3 9 5 1 2 2 5 1 6 8 45 
 
Plethodon glutinosus 27 9 11 2 4 31 4 13 4 0 0 105 
 
Plethodon richmondi 0 2 4 1 3 6 0 3 1 0 1 21 
 
Pseudotriton ruber 0 0 2 1 0 2 1 2 0 0 0 8 
 
 
Totals 
 
  
39
 
23
 
75
 
13
 
48
 
93
 
20
 
30 
 
24 
 
8 
 
9 
 
382 
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Table 1.3. Binomial mixture model abundance estimate means and 95% Bayesian 
credible intervals, organized by genera and species, for sampling conducted from 23 
September 2011 until 4 November 2012. 
 
 
 
Species 
 
 
Control  
 
Treatment 1 
 
Treatment 2 
 
Desmognathus spp. 
 
12.47 (7.68, 
19.18)* 
 
2.57 (0.94, 
5.14)* 
 
7.50 (4.20, 
12.04) 
 
Eurycea cirrigera 4.88 (1.09, 
17.64) 
0.81 (0.018, 
3.74) 
5.59 (1.16, 
20.96) 
 
Notophthalmus 
viridescens 
6.75 (1.09, 
27.55) 
14.95 (2.88, 
60.38) 
15.19 (3.43, 
58.68) 
    
Plethodon 
glutinosus 
9.59 (4.79, 
18.27)* 
1.37 (0.27, 
3.43)* 
3.91 (1.54, 
7.94) 
 
Plethodon 
richmondi 
3.49 (0.78, 
10.92) 
1.25 (0.13, 
4.23) 
2.70 (0.55, 
8.54) 
 
 
*denotes significant difference 
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Table 1.4. Detection probability covariate means and 95% confidence intervals, 
organized by genera and species for sampling conducted from 23 September 2011 until 4 
November 2012. 
 
 
 
Species 
 
 
Temperature 
 
Rainfall 
 
Desmognathus spp. 
 
0.0066 (-0.17, 0.18) 
 
0.28 (0.068, 0.49)* 
 
Eurycea cirrigera 
 
-0.32 (-0.82, 0.16) 
 
-1.49 (-2.34, 0.079) 
 
Notophthalmus viridescens 
 
0.10 (-0.25, 0.47) 
 
-0.017 (-0.71, 0.65) 
 
Plethodon glutinosus 
 
-0.061 (-0.30, 0.18) 
 
-0.33 (-0.85, 0.18) 
 
Plethodon richmondi 
 
-1.08 (-1.74, -0.47)*  
 
0.054 (-1.24, 1.28) 
 
 
* denotes significance 
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Table 1.5: Binomial mixture model abundance estimate means and 95% Bayesian 
credible intervals, organized by genera and species, for sampling conducted from 23 
September 2011 until 4 November 2012. These abundance estimates derive from a model 
including residual basal area as a continuous covariate, each treatment value is an average 
of the sites within it. Covariate means and 95% confidence intervals for residual basal 
area are also shown. 
 
 
Species 
 
Control Treatment 1 Treatment 2 Covariate Value 
 
Desmognathus  
spp. 
 
12.85 (7.27, 
20.82) 
 
2.59 (0.93, 
5.24) 
 
7.48 (3.84, 
12.67) 
 
0.0091 (-5.77E-5, 
0.018) 
 
Eurycea  
cirrigera 
 
4.20 (0.92, 
13.91) 
 
0.68 (0.017, 
2.85) 
 
4.75 (0.93, 
16.01) 
 
0.0044 (-0.014, 
0.022) 
 
Notophthalmus 
viridescens 
 
5.77 (0.92, 
20.02) 
 
12.90 (2.55, 
44.93) 
 
13.53 (2.72, 
49.99) 
 
-0.0067 (-0.023, 
0.0085) 
 
Plethodon  
glutinosus 
 
11.77 (4.94, 
25.08) 
 
1.60 (0.30, 
4.22) 
 
4.86 (1.13, 
8.65) 
 
0.016 (0.0047, 
0.028) 
 
Plethodon 
 richmondi 
4.96 (0.75, 
18.75) 
1.56 (0.14, 
5.85) 
3.84 (0.53, 
15.27) 
0.021 (-1.62E-4, 
0.042) 
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Table 1.6: Binomial mixture model abundance estimate means and 95% Bayesian 
credible intervals, organized by genera and species, for sampling conducted from 23 
September 2011 until 4 November 2012. These abundance estimates derive from a model 
including hydroperiod as a 0-1 scaled index value. Covariate means and 95% confidence 
intervals for hydroperiod are also shown. 
 
 
Species 
 
Control Treatment 1 Treatment 2 Covariate Value 
 
Desmognathus  
spp. 
 
21.15 (10.40, 
43.82) 
 
3.72 (1.26, 
8.28) 
 
13.11 (6.053, 
27.59) 
 
2.453 (1.68, 3.24) 
 
Eurycea  
cirrigera 
 
5.93 (1.10, 
21.36) 
 
0.89 (0.021, 
4.032) 
 
3.94 (1.15, 
25.61) 
 
2.10 (0.46, 3.79) 
 
Notophthalmus 
viridescens 
 
16.70 (1.038, 
121.42) 
 
36.96 (3.037, 
244.50) 
 
33.59 (3.09, 
247.30) 
 
0.6995 (-0.83, 
2.068) 
 
Plethodon  
glutinosus 
 
10.47 (4.57, 
21.54) 
 
1.43 (0.28, 
3.63) 
 
4.14 (1.45, 
9.05) 
 
1.245 (0.082, 
2.39) 
 
Plethodon 
 richmondi 
4.40 (0.70, 
16.11) 
1.51 (0.14, 
5.75) 
3.17 (0.43, 
11.98) 
2.002 (0.022, 
4.15) 
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Table 1.7. Treatment variable means and 95% confidence intervals, organized by genera 
and species for sampling conducted from 23 September 2011 until 4 November 2012. 
 
 
Species 
 
 
Control 
 
Treatment 1 
 
Treatment 2 
 
Desmognathus spp. 
 
0.52 (-0.021, 1.082) 
 
-1.12 (-2.10, -0.25)* 
 
1.98 (1.44, 2.49)* 
 
Eurycea cirrigera 
 
-0.11 (-1.18, 0.96) 
 
-2.35 (-5.74, -0.29)* 
 
1.43 (0.15, 3.04)* 
 
Notophthalmus 
viridescens 
 
-0.88 (-1.91, 0.037) 
 
-0.059 (-0.90, 0.72) 
 
2.43 (1.23, 4.07)* 
 
Plethodon glutinosus 
 
0.92 (0.22, 1.71)* 
 
-1.16 (-2.66, 0.10) 
 
1.28 (0.43, 2.07)* 
 
Plethodon richmondi 
 
0.27 (-0.97, 1.54) 
 
-0.87 (-2.84, 0.82) 
 
 
0.75 (-0.59, 2.15) 
 
* denotes significance 
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CHAPTER 2 
 
STREAMSIDE TIMBER HARVEST AND SALAMANDER POPULATIONS: A 
PRE AND POST-HARVEST COMPARISON 
 
Introduction 
Although they typically account for a small fraction of the total landscape, 
freshwater riparian areas are critical parts of forested ecosystems. These areas are 
involved in regulation of soil moisture, preserving nutrients and soil from runoff and 
erosion, and influencing air, water, and soil temperatures (Chen et al. 1999). Headwater 
streams account for the vast majority of all stream and river channel length in the United 
States (Leopold et al. 1964), and can be more susceptible to many forms of pollution, 
including both point source and nonpoint sources (Sheridan et al. 1999). Moreover, these 
areas can also be sensitive to damage from landscape changes, including timber harvest 
(Chizinski et al. 2010). Thus, numerous federal, state, and local measures have been 
implemented to protect these vulnerable areas. Core home range estimates for some 
stream-breeding salamander species suggest that the majority of these regulations are 
inadequate for proper protection of many salamander populations in perennial and 
intermittent streams (Brosofske et al. 1997, Crawford and Semlitsch 2007). 
Salamander populations have been observed to be particularly vulnerable to large-
scale anthropogenic landscape disturbances, including urbanization and forest 
management (Semlitsch et al. 2009, Price et al. 2011). Specifically, timber harvests can 
be detrimental to many salamander species by altering microhabitat factors critical, 
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including leaf litter depth and soil moisture content (Petranka et al. 1993). Additionally, 
changes in the structure and flow of first and second-order streams after timber harvests 
can cause lower abundances of stream-breeding salamanders (deMaynadier and Hunter 
1995).  
Numerous studies have looked at salamander populations at sites with different 
histories of timber harvest; however, relatively few studies have focused on ephemeral 
streams, and fewer still have incorporated population data gathered before and after 
harvests (Perkins and Hunter 2006). Salamander abundance can be distributed unevenly 
on a landscape, and is often dictated by microhabitat characteristics such as pH and soil 
moisture (Wyman and Hawksley-Lescault 1987, Wyman 1988). Without pre-harvest 
data, the assumption of pre-treatment site homogeneity can potentially weaken 
experimental conclusions (deMaynadier and Hunter 1995);  however, acquiring data both 
before and after harvests can often be a challenge due to funding and time restraints 
(deMaynadier and Hunter 1995). 
 This study, conducted in a mixed-mesophytic forest of southeastern Kentucky, 
examined how timber harvest using the current Kentucky Best Management Practices 
(BMPs) affected salamander communities inhabiting ephemeral streams. Findings from 
this study will be informative in understanding salamander ecology in stream headwaters 
of this forest type, and will assist managers in the development of guidelines for 
management of salamander species in Kentucky and beyond.  
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Methods 
Study Site 
 Both pre- and post-harvest sampling was conducted in the main block of the 
University of Kentucky’s Robinson Forest (RF), located in Breathitt and Knott Counties, 
in southeastern Kentucky. The main block of Robinson Forest contains nearly 4000 ha of 
relatively intact second growth forest. Elevations range from approximately 243m to 
487m (Overstreet 1984). Public access to the forest is restricted, and trespassing is 
generally thought uncommon (C. Osborne, University of Kentucky, personal 
communication). All roads are dirt or gravel, and most stream crossings are unimproved. 
The predominant forest community is characterized as mixed mesophytic, 
including roughly 30 co-dominant tree species (Braun 1950). In the main block of 
Robinson Forest, these include American beech (Fagus grandifolia), yellow-poplar 
(Liriodendron tulipifera), basswood (Tilia spp.), sugar maple (Acer saccharum), northern 
red oak (Quercus rubra), white oak (Quercus alba), eastern hemlock (Tsuga canadensis), 
and yellow buckeye (Aesculus octandra) (Braun 1950). Understory species included 
eastern redbud (Cercis canadensis), flowering dogwood (Cornus florida), spicebush 
(Lindera benzoin), pawpaw (Asimina triloba), umbrella magnolia (Magnolia tripetala), 
and bigleaf magnolia (Magnolia macrophylla). Ridge tops, south facing slopes and areas 
with rocky shallow soils are characterized by oak-hickory (Quercus-Carya) and oak-pine 
(Quercus-Pinus) communities (Overstreet 1984). 
Site Selection 
 Both pre- and post-harvest sampling was conducted in 11 randomly selected 
ephemeral streams in 6 watersheds, all within the 1,545 ha Clemons Fork drainage. The 
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watersheds ranged from 25-60 ha, were located in the same elevation range (305m-
378m), and all had bank slopes exceeding 15 degrees (Schneider 2010). Selected physical 
characteristics of each site (Appendix B, Table 1), watershed assignments (Appendix B, 
Table 2) and a map of the sites (Appendix B, Figure 1) are provided. 
 
Timber Harvest Methods 
Between June 2008 and March 2009, six first-order watersheds were harvested. A 
two-age deferment harvest (shelterwood with reserves system) was applied, resulting in a 
two-age stand with a residual target basal area of 15 square feet per acre of reserve trees 
(Witt 2012). This method was used over the entirety of the watersheds, with the 
exception of landings, trails, and the areas subject to streamside management zone 
treatments. Blocking of ephemeral channels with logging debris was not permitted, in 
accordance with Kentucky’s Best Management Practices (BMP) law (Stringer and 
Perkins 2001).  
 The characteristics of each harvest treatment can be seen in Table 1.1. Treatment 
1 was designed to reflect the SMZ requirements of current Kentucky BMP laws, while 
treatment 2 was designed to reflect an augmented version of those requirements. When 
assigning stream classifications, the categories of perennial, intermittent, and ephemeral 
were used. We defined perennial as a stream which flows continuously except in extreme 
drought conditions, intermittent streams as those which flow primarily during an annual 
wet season, and ephemeral streams as those which flow only during short periods of 
surface runoff events, such as after snowmelt or heavy rainfall (Fritz et al. 2008). 
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All skid trails were constructed with a bulldozer, typically along the contour 
intervals. Stream crossings were constructed according to treatment. The most common 
vehicles using stream crossings included rubber tired cable or grapple skidders, although 
occasional crossings were made by tracked machines such as feller bunchers and 
bulldozers (Witt 2012). After the harvests were completed, skid trails were retired in 
accordance with Kentucky’s BMP law (Stringer and Perkins 2001). This entailed the 
removal of all improved crossing structures, building of permanent water control 
structures (“water bars”), and seeding of the skid trail surfaces adjacent to ephemeral 
stream channels. 
 For treatment 1, no improved crossings were used for ephemeral channels. 
Machinery crossed the stream channels at right angles, and material moved during skid 
trail construction was placed in areas not susceptible to erosion into ephemeral channels 
(Witt 2012). For treatment 2, where improved crossings were utilized, they were typically 
composed of wooden skidder bridges, steel culverts, or PVC pipe bundles (Mason and 
Moll 1995). Typically, skid trail stream crossings were in use for a two to six week 
period, and removed after the area was harvested. 
Salamander Sampling Methods 
Salamanders were sampled using a combination of drift fences and pitfall traps, 
and visual encounter surveys that included coverboards, leaf litter searches, and stream 
transect searches. For the pre-harvest study, the sites were sampled once per month from 
9 March 2007 to 21 November 2007 (except during May 2007), and from 14 March to 17 
May 2008. After the harvests, sampling was conducted once per month from 23 
September to 24 November 2011, and from 27 March to 4 November 2012. Each 
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sampling period consisted of 3-14 days, timed with a rainfall event if possible, during 
which pitfall traps were opened continuously and checked daily. Cover board checks, leaf 
litter searches, and stream transects were performed once per sampling period.  
One drift fence array was present at each site, and the pitfall trap was located on a 
randomly chosen side of the stream channel (Appendix B, Figure 2). The pitfall trap 
consisted of four 13.3L buckets buried flush with the ground, one in the middle and three 
spread out at 120 degree angles at the end of a 15.2m drift fence. One exception was 
made for the northeast trending arm of site I in the Wet Fork drainage, which was 
reduced to 6.1m due to the presence of another ephemeral stream in its course. The drift 
fences consisted of erosion control fence (landscape fabric) buried into the soil and 
stapled over stakes for support, and were typically 40cm high and 2cm-3cm wide at the 
top and bottom.  Before each sampling round, an effort was made to repair the drift 
fences and pitfall traps when damage from wildlife, primarily elk (Cervus elaphus), was 
noted. 
Twenty coverboards were placed at each site, ten on each side of the channel and 
all within 5m of the stream edge. Cover boards were originally placed in 2005, and were 
been replaced when any measurable piece broke off (Schneider 2010). The boards were 
composed of 60cm x 60cm sheets of untreated plywood, 1.5cm thick, similar to those 
used in other studies (Houze and Chandler 2002, Marsh and Goicochea 2003).  
Stream transect searches were conducted along a 5 meter transect. During stream 
sampling, every moveable cover object larger than 10cm in diameter was overturned, and 
any salamanders revealed were captured or at least identified to genus level. Ten random 
leaf litter searches were conducted once per sampling round at each site, five on either 
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side of the stream. In accordance with Schneider (2010), each litter search involved a 
50cm2 patch of ground within 5m of the stream bank which was removed of leaf debris 
one piece at a time until bare dirt was exposed. Any salamanders uncovered were 
captured, or at least identified to genus level. 
Variable Sampling 
 Meteorological data, including rainfall and daily minimum temperature, were 
obtained from a permanent weather station (data loggers used were Campbell Scientific 
CR10X, Campbell Scientific, Logan, Utah, USA) located on the northwest bank of 
Clemons Fork about three kilometers south of the intersection of Clemons Fork and Little 
Millseat Branch (Appendix B, Figure 1).  
Binomial Mixture Modeling 
To analyze treatment effects, I used a binomial mixture model developed by 
Royle (2004). This model uses sampling conducted by spatially and temporally replicated 
counts to estimate abundance, survey and site-level covariates, and detection 
probabilities, while providing estimates of uncertainty affiliated with each parameter 
(Dodd and Dorazio 2004, Price et al. 2011).  The model can be defined as: 
            J 
[yi | Ni, pi] = Π Bin (yij | Ni, pi) 
         j=1 
Where Ni represent animals sampled, pi represents detection probability, and J represents 
sampling events.  
I treated abundance estimates of four different species (Eurycea cirrigera, 
Notophthalmus viridescens, Plethodon glutinosus, and Plethodon richmondi) and one 
genus (Desmognathus) as individual response variables. I assumed salamander 
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abundance may differ between treatments, and therefore considered the site-level 
abundance (λ) to be modeled with Poisson distribution as: 
Ni | λi ~ Poi (λi) 
log (λi) = β0 + β1 · treatment 
After examining differences in abundance among different populations, I simplified 
assumptions by using a Poisson regression formula, defined as: 
log (λi) = β0 + β1xi 
Using this, I quantified the relationship between habitat variable xi and local abundance λi 
at the ith sampling location. 
 I modeled our individual detection probability (p) following a binomial 
distribution (Kéry et al. 2009), and the model was defined as: 
yij | Ni ~ Bin(Ni, pij) 
To account for differences in salamander activity and detectability between sites 
and sampling rounds, I used temperature (ºC) and rainfall (cm) as covariates. We 
modeled heterogeneity based on these variables as: 
yij | Ni ~ Bin(Ni, pij) 
logit(pij) = α0 + α1(temperature) + α2(rainfall)  
 After collection from the weather station and conversion of units, data were 
standardized to a z-score with a mean of 0 and a standard deviation of 1 before being 
incorporated as covariates in the model. 
 I used WinBugs version 1.4.3 (Spielgelhalter et al. 2003) to estimate population 
parameters, and relied on R version 2.15.2 (Venables and Smith 2012) for additional data 
analysis. I used non-informative priors, and in accordance with Royle and Dorazio 
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(2008), assumed β ~ N (0,102), α0 ~ N (0, 1.62) α1 ~ N (0, 102), α2 ~ N (0, 102). Posterior 
summaries for parameters were based on 100,000 Markov chain Monte Carlo iterations, 
with a 20,000 sample burn in and a thinning rate of 5. Abundance estimates were log 
transformed via [(exp(β0) · exp (β1 · treatment))]. Means and standard deviations for each 
model coefficient were calculated, along with 2.5 and 97.5 distribution percentiles, 
representing 95% Bayesian credible intervals. 
Results 
 Pre-harvest sampling conducted from 9 March 2007 to 17 May 2008 resulted in 
408 salamander captures (Schneider 2010), and post-harvest sampling conducted from 23 
September 2011 until 4 November 2012 resulted in 233 salamander captures. 
Salamanders from both collection periods represented 11 species belonging to 3 families. 
Pre-harvest and post-harvest salamander captures organized by species and by site was 
recorded, and differences between the two calculated (Appendix B, Tables 3-5). 
 Each capture method utilized in the trap arrays produced different results, in terms 
of both number of captures, species captured, and time of capture (before or after the 
harvest treatments were performed). Salamander captures organized by species and 
method, and organized by site and method were tabulated (Appendix B, Tables 6-7). 
Binomial Mixture Model Results 
 The 95% Bayesian credible intervals generated by the model revealed no 
significant differences in salamander populations between any of the watersheds before 
harvests were conducted. However, when different treatments are compared before and 
after timber harvests were administered, watersheds which received the current Kentucky 
BMP regulations (treatment 1) had significantly fewer Plethodon glutinosus than during 
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pre-harvest sampling. Despite the lack of significance for other treatment effects on other 
species, based on small amounts of overlap in some of our Bayesian credible intervals it 
is likely from the results that fewer salamanders were captured in treatment 1 watersheds.  
 On several occasions, significant results were also detected for our covariates 
(Table 2.2). Of all the covariates, only temperature was significantly associated with 
decreased detection of salamanders in both pre- and post-harvest sampling, and this was 
only true for a negative association with Plethodon richmondi.  
In terms of parameter estimates for the variable “treatment”, control was only 
associated with higher abundance of Plethodon glutinosus in both pre- and post-harvest 
sampling. Treatment 1 status was associated with lower abundances of Eurycea cirrigera 
in post-harvest sampling only. Treatment 2 was associated with higher abundances of all 
salamanders except for E. cirrigera in pre-harvest sampling, and with all salamanders 
except for Desmognathus spp. and Plethodon richmondi in post-harvest sampling. 
Discussion 
 My results were similar to those seen in previous studies. Declines in Plethodon 
glutinosus could partly be explained by differences between sites prior to harvest, as the 
parameter estimates for treatment 2 and control statuses were found to be significant. 
However, abundances in treatment 1 were still found to be significantly lower than the 
control after harvests, while those in treatment 2 were not different from the control. 
 In terms of the declines in terrestrial salamander populations such as Plethodon 
glutinosus, the mechanism causing the declines has been suggested to be the elimination 
of key microhabitat variables including soil moisture, relative humidity, and soil 
temperature (Peterman et al. 2011). For stream-breeding salamanders, population 
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declines have been speculated to be the result of increased sedimentation as a result of 
logging, which serves to fill interstitial spaces which serve as critical habitat for 
numerous species (Willson and Dorcas 2003). In addition, it is possible that an increase 
in suspended sediments can cause damage to gills in larval salamanders, as it does to the 
gills of the aquatic larvae of other amphibians (Wood and Richardson 2009). 
 If SMZ areas retain enough microhabitat characteristics to serve as viable refugia 
for species reliant on terrestrial habitat, it might be expected that they would experience 
population increases after timber harvest (Peterman et al. 2011). However, we did not see 
increases in terrestrial salamander abundances at our harvested sites. If such an increase 
did occur undetected, this may be due to the time since harvest; either enough time may 
have passed to allow for an overabundant salamander population to decline, or the 
surrounding habitat may have regained enough integrity to permit recolonization. In any 
event, the SMZs in treatment 2 (Table 2.1) did not experience a significant decline in 
Plethodon glutinosus as compared to the ephemeral streams receiving treatment 1. The 
increased canopy cover of treatment 2 provided by the preservation of the nearest 
overstory tree to the stream channel (a “tree stringer”) may have allowed for more 
microhabitat variables to be preserved than in treatment 1 where the trees were not 
preserved. If this is the case, then extending the canopy retention requirements beyond 
the nearest overstory tree would cause a corresponding increase in refugia area, and likely 
an increase in Plethodon glutinosus abundance. Based on that assumption, I recommend 
developing more liberal canopy retention guidelines for ephemeral streams. 
 When timber harvests remove large percentages of canopy cover, damaging 
terrestrial salamander habitat is practically unavoidable (Petranka 1993). However, 
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previous research has shown that stream habitats can be protected, at least in the short-
term (Peterman and Semlitsch 2009). A variety of stream buffer characteristics have been 
defined as a threshold under which stream-breeding salamander populations would not be 
viable. In terms of preserving core terrestrial habitat, Semlitsch and Bodie (2003) 
suggested a mean minimum core terrestrial habitat of 117m. Vesley and McComb (2002) 
suggested a stratified system, with an untouched 20m buffer surrounded by an area of 
either uneven aged harvest or a limited-entry zone surrounding it; the width might be 
tailored to reflect topography or erosion vulnerability. Based on research performed at 
our site before, during, and after harvests by Witt et al. (2013), I can state that ephemeral 
streams receiving treatment 2 (Table 2.1) were not statistically different in terms of total 
suspended solids than control streams. Therefore, it appears as though treatment 2 might 
offer a starting point from which we can craft a stratified system which might better 
protect stream-breeding salamander populations. Perhaps by taking into account 
landscape factors which might make a site more vulnerable, such as bank slope, a 
manager might warrant a more liberal or conservative buffer. 
 Long term studies of how salamander populations respond to harvest treatments 
are virtually nonexistent, which means that it is unclear whether or not SMZs, current or 
enhanced, will warrant the continued existence of these populations across multiple 
generations. Additionally, since most of our sampling methods were biased towards 
adults, changes in the age structure of populations could have gone undetected in our 
study. More research is needed towards these ends to make a reliable set of guidelines for 
salamander conservation during and after timber harvests. 
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Table 2.1. Timber harvest treatments, including streamside management zones (SMZs), 
implemented during 2008-2009 where salamander sampling occurred in ephemeral 
stream channels of Clemons Fork watershed, Robinson Forest, Breathitt County, 
Kentucky. 
 
 
Treatment SMZ width (m) SMZ canopy cover retention (%) Stream crossings
 
 
1 
 
0 
 
0 
 
unimproved1 
 
2 7.6 tree stringer improved1 
 
Control no harvest no harvest no harvest 
 
 
 
1 Improved crossing included wooden skidder bridges, steel culverts, and PVC pipe 
bundles. Unimproved crossings were fords. 
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Table 2.2. Binomial mixture model abundance estimate means and 95% Bayesian 
credible intervals, organized by genera and species, for pre-harvest salamander sampling 
conducted from 9 March 2007 to 17 May 2008, and for post-harvest sampling conducted 
from 23 September 2011 until 4 November 2012. Post-harvest results are italicized. 
 
 
 
Species 
 
 
Control 
 
Treatment 1 
 
Treatment 2 
 
Desmognathus spp. 
 
4.80 (1.42, 13.92) 
4.75 (1.88, 10.53) 
 
3.25 (0.56, 10.65) 
1.15 (0.14, 3.56) 
 
4.03 (1.10, 11.70) 
2.48 (0.70, 6.21) 
 
Eurycea cirrigera 1.93 (0.30, 6.40) 
4.88 (1.09, 17.64) 
2.31 (0.40, 7.26) 
0.81 (0.018, 3.74) 
4.51 (0.99, 14.91) 
5.59 (1.16, 20.96) 
 
Notophthalmus 
viridescens 
4.53 (1.40, 13.22) 
6.75 (1.09, 27.55) 
6.14 (2.00, 17.72) 
14.95 (2.88, 60.38) 
9.33 (3.20, 28.21) 
15.19 (3.43, 58.68) 
    
Plethodon glutinosus 17.21 (9.97, 28.98) 
9.59 (4.79, 18.27) 
 
9.36 (4.66, 16.82)* 
1.37 (0.27, 3.43) 
 
9.10 (4.71, 16.13) 
3.91 (1.54, 7.94) 
 
Plethodon richmondi 24.49 (5.75, 97.26) 
3.49 (0.78, 10.92) 
15.64 (3.12, 62.93) 
1.25 (0.13, 4.23) 
20.46 (4.43, 84.24) 
2.70 (0.55, 8.54) 
 
*denotes significant difference between pre- and post-harvest abundance. 
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Table 2.3. Covariate means and 95% confidence intervals, organized by genera and 
species for pre-harvest salamander sampling conducted from 9 March 2007 to 17 May 
2008, and for post-harvest sampling conducted from 23 September 2011 until 4 
November 2012. Post-harvest results are italicized. 
 
 
 
Species 
 
Temperature Rainfall 
 
Desmognathus spp. 
 
-0.052 (-0.42, 0.31) 
-0.0072 (-0.36, 0.34) 
 
1.60 (0.66, 2.61)* 
0.064 (-0.44, 0.52) 
 
Eurycea cirrigera 
 
0.11 (-0.31, 0.51) 
-0.32 (-0.82, 0.16) 
 
-0.25 (-1.39, 0.85) 
-1.49 (-2.34, 0.079) 
 
Notophthalmus viridescens 
 
0.38 (0.12, 0.64)* 
0.10 (-0.25, 0.47) 
 
0.015 (-0.71, 0.72) 
-0.017 (-0.71, 0.65) 
 
Plethodon glutinosus 
 
0.16 (0.0020, 0.32)* 
-0.061 (-0.30, 0.18) 
 
-0.13 (-0.57, 0.30) 
-0.33 (-0.85, 0.18) 
 
Plethodon richmondi 
 
-1.5 (-2.00, -1.11)* 
-1.08 (-1.74, -0.47)*  
 
1.12 (0.59, 1.68)* 
0.054 (-1.24, 1.28) 
 
* denotes significant association with detectability. 
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Appendix A 
 
Table 1. Treatment assignments, watersheds, and coordinates of each site 
 
 
Treatment 
 
Site ID 
 
Watershed 
 
Latitude, Longitude 
 
 
Control 
 
A 
 
Little Millseat 
 
(37º 28.536’, -83º 09.631’) 
    
Control B Little Millseat (37º 28.602’, -83º 09.321’) 
 
Control E Falling Rock (37º 28.249’, -83º 07.915’) 
 
Control F Falling Rock (37º 28.490’, -83º 08.078’) 
 
11 D Booker Fork (37º 29.268’, -83º 08.508’) 
 
1 H Booker Fork (37º 28.945’, -83º 08.506’) 
 
1 L North Shelley Rock Fork (37º 29.413’, -83º 09.435) 
 
22 C West Shelley Rock Fork (37º 29.082’, -83º 09.413’) 
 
2 I Wet Fork (37º 29.499’, -83º 07.623’) 
 
2 J Wet Fork (37º 29.623’, -83º 07.370’) 
 
2 K West Shelley Rock Fork (37º 29.151’, -83º 09.729’) 
 
 
1 Treatment 1 involved no Streamside Management Zone (SMZ) requirements or canopy 
retention requirements, and also crossings were unimproved fords. 
 
2 Treatment 2 involved a 7.6m wide SMZ, the retention of the nearest canopy tree to the 
stream (tree stringer), and improved crossings in the form of skidder bridges, steel 
culverts, and PVC pipe bundles. 
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Table 2. Selected physical characteristics of each site. Stream length and elevation data 
from Schneider 2010. 
 
 
 
Site 
ID 
 
Aspect 
(deg) 
 
Length 
(m) 
 
Upstream 
elevation 
(m) 
 
Downstream 
elevation (m) 
 
Elevation 
change (m) 
 
Approximate 
distance to 
perennial stream 
(m) 
 
 
A 
 
45 
 
366 
 
360 
 
329 
 
31 
 
0 
 
B 225 340 347 317 30 10 
 
C 225 325 329 323 6 0 
 
D 225 345 366 347 19 700 
 
E 315 325 378 341 37 300 
 
F 225 460 329 323 6 0 
 
H 90 382 317 305 12 0 
 
I 135 493 378 341 37 0 
 
J 315 417 378 341 37 0 
 
K 180 363 378 354 24 700 
 
L 180 427 378 366 12 700 
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Table 3. Number of trap nights per site for sampling conducted from 23 September 2011 
until 4 November 2012. 
 
 
Site 
ID 
 
Number 
of trap 
nights 
 
Number of 
salamanders 
caught by all 
methods 
 
Number of 
salamanders 
caught by all 
methods per 
trap night 
 
Number of 
salamanders 
caught in 
pitfall traps 
 
Number of 
salamanders 
caught in pitfall 
traps per trap 
night 
 
 
A 
 
39.75 
 
39 
 
0.981 
 
3 
 
0.075 
 
B 40.00 23 0.575 4 0.100 
 
C 40.00 75 1.875 14 0.350 
 
D 39.00 13 0.333 4 0.103 
 
E 41.00 48 1.171 4 0.098 
 
F 41.00 93 2.268 11 0.228 
 
H 39.00 20 0.513 3 0.077 
 
I 38.75 30 0.774 8 0.206 
 
J 39.00 24 0.615 1 0.026 
 
K 39.00 8 0.205 6 0.154 
 
L 39.00 9 0.231 8 0.205 
 
 
Total 
 
435.5 
 
382 
 
0.877 
 
66 
 
0.152 
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Table 4. Salamander captures organized by species and method for sampling conducted 
from 23 September 2011 until 4 November 2012.  
 
 
 
Method
 
 
 
Species 
  
Drift 
Fence/Pitfall 
 
Coverboard
 
Stream 
Transect 
 
Leaf 
Litter 
 
 
Total
 
Ambystoma 
maculatum 
 
  
3 
 
0 
 
0 
 
0 
 
3 
Desmognathus fuscus 
 
 0 0 140 0 140 
Desmognathus 
monticola 
 
 1 1 21 0 22 
total Desmognathus 
 
 0 1 161 0 162 
Eurycea cirrigera 
 
 2 8 14 1 25 
Eurycea longicauda 
 
 0 1 0 0 1 
Gyrinophilus 
porphyrititcus 
 
 3 0 9 0 12 
Notophthalmus 
viridescens 
 
 39 3 3 0 45 
Plethodon glutinosus 
 
 5 99 1 0 105 
Plethodon richmondi 
 
 5 12 1 3 21 
Pseudotriton ruber 
 
 8 0 0 0 8 
 
Totals 
  
66 
 
124 
 
188 
 
4 
 
382 
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Table 5. Salamander captures organized by site and method for sampling conducted from 
23 September 2011 until 4 November 2012. 
 
 
  
Method 
 
 
 
 
Site 
 
  
Drift Fence/Pitfall
 
Coverboard
 
Stream Transect
 
Leaf Litter 
 
Total
 
 
A 
  
3 
 
28 
 
8 
 
0 
 
39 
 
B  4 10 8 1 23 
 
C  14 12 48 1 75 
 
D  4 4 5 0 13 
 
E  4 6 38 0 48 
 
F  11 37 45 0 93 
 
H  3 5 12 0 20 
 
I  8 17 4 1 30 
 
J  1 4 18 1 24 
 
K  6 0 2 0 8 
 
L  8 1 0 0 9 
 
 
Totals 
  
66 
 
124 
 
188 
 
4 
 
382 
 
 
 
 
 
 
 
 
 
 
 
45 
 
Table 6. Meteorological variables for each sampling period for sampling conducted from 
23 September 2011 until 4 November 2012. 
 
 
Sampling round 
 
Total rainfall 
(cm) 
 
Average high 
temperature 
(ºC) 
 
Average low 
temperature 
(ºC) 
 
Average 
temperature at 
2400 (ºC) 
 
 
September 2011 
 
0.20 
 
22.34 
 
11.58 
 
15.31 
 
October 2011 0.00 24.28 7.64 11.89 
 
November 2011 1.75 16.14 5.03 5.99 
 
March 2012 0.00 25.89 6.02 12.31 
 
April 2012 0.89 16.87 8.08 10.00 
 
May 2012 2.62 22.27 11.25 14.13 
 
June 2012 0.18 31.74 17.30 19.51 
 
July 2012 5.49 29.36 19.68 21.10 
 
August 2012 2.13 26.44 16.53 18.25 
 
September 2012 4.62 22.70 14.11 15.99 
 
October 2012 0.20 20.99 5.08 9.80 
 
November 2012 0.38 12.55 1.43 3.50 
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Table 7. Hydroperiod index of surface water presence for each site for sampling 
conducted from 23 September 2011 until 4 November 2012. Along the 50m stream 
sampling transect, the presence of absence of surface water along each meter was 
recorded and calculated. 
 
 
Month 
 
 
Site 
 
Apr 
2012 
 
 
May 
2012 
 
Jun 
2012 
 
Jul 
2012 
 
Aug 
2012 
 
Sep 
2012 
 
Oct 
2012 
 
Nov 
2012 
 
Average 
Index Value 
 
A 
 
0.30 
 
0.20 
 
0.10 
 
0.00 
 
0.50 
 
0.10 
 
0.20 
 
0.20 
 
0.20 
 
B 
 
0.10 
 
0.10 
 
0.00 
 
0.00 
 
0.30 
 
0.10 
 
0.10 
 
0.10 
 
0.12 
 
C 
 
1.00 
 
0.90 
 
0.90 
 
0.30 
 
1.00 
 
0.90 
 
0.90 
 
1.00 
 
0.86 
 
D 
 
0.80 
 
0.20 
 
0.15 
 
0.00 
 
1.00 
 
0.10 
 
0.20 
 
1.00 
 
0.43 
 
E 
 
0.30 
 
0.30 
 
0.20 
 
0.10 
 
0.40 
 
0.20 
 
0.30 
 
0.50 
 
0.29 
 
F 
 
1.00 
 
0.90 
 
0.40 
 
0.40 
 
1.00 
 
0.40 
 
0.90 
 
1.00 
 
0.75 
 
H 
 
0.20 
 
0.10 
 
0.10 
 
0.20 
 
1.00 
 
0.10 
 
1.00 
 
1.00 
 
0.44 
 
I 
 
0.10 
 
0.10 
 
0.20 
 
0.00 
 
0.00 
 
0.10 
 
0.00 
 
0.00 
 
0.08 
 
J 
 
0.20 
 
0.20 
 
0.02 
 
0.00 
 
0.20 
 
0.10 
 
0.30 
 
0.90 
 
0.24 
 
K 
 
0.00 
 
0.20 
 
0.10 
 
0.00 
 
0.50 
 
0.20 
 
0.20 
 
0.60 
 
0.23 
 
L 
 
0.00 
 
0.40 
 
0.02 
 
0.10 
 
1.00 
 
0.40 
 
0.40 
 
1.00 
 
 
0.42 
  
   Averages                Control  
 
Treatment 1  
 
Treatment 2  
 
0.34 
 
0.38 
 
0.35 
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Figure 1: Map of salamander capture sites. Each cross refers to the listed site, and the 
location of the weather station is also shown. 
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Figure 2: Diagram of a salamander sampling array. Coverboards were placed within 5m 
of the stream channel. Five leaf litter searches were conducted randomly on each side of 
the stream channel, and a 5m (23 September 2011- 24 November 2011) or 50m (27 
March 2012 – 4 November 2012) stream transect was searched for salamanders at each 
site. From Schneider (2010). 
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Figure 3: Salamander captures per month, organized by species. The precipitous increase in Desmognathus salamanders between 
November 2011 and March 2012 is likely due to an increase in the stream sampling transect length from 5m to 50m.
50 
 
Appendix B 
 
Table 1. Selected physical characteristics of each site. Stream length and elevation data 
are from Schneider 2010. 
 
 
Site 
ID 
 
Aspect 
(deg) 
 
Length 
(m) 
 
Upstream 
elevation 
(m) 
 
Downstream 
elevation (m) 
 
Elevation 
change (m) 
 
Approximate 
distance to 
perennial stream 
(m) 
 
 
A 
 
45 
 
366 
 
360 
 
329 
 
31 
 
0 
 
B 225 340 347 317 30 10 
 
C 225 325 329 323 6 0 
 
D 225 345 366 347 19 700 
 
E 315 325 378 341 37 300 
 
F 225 460 329 323 6 0 
 
H 90 382 317 305 12 0 
 
I 135 493 378 341 37 0 
 
J 315 417 378 341 37 0 
 
K 180 363 378 354 24 700 
 
L 180 427 378 366 12 700 
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Table 2. Treatment assignments, watersheds, and coordinates of each salamander 
sampling site. 
 
 
Treatment 
 
Site ID 
 
Watershed 
 
Latitude, Longitude 
 
 
Control 
 
A 
 
Little Millseat 
 
(37º 28.536’, -83º 09.631’) 
    
Control B Little Millseat (37º 28.602’, -83º 09.321’) 
 
Control E Falling Rock (37º 28.249’, -83º 07.915’) 
 
Control F Falling Rock (37º 28.490’, -83º 08.078’) 
 
11 D Booker Fork (37º 29.268’, -83º 08.508’) 
 
1 H Booker Fork (37º 28.945’, -83º 08.506’) 
 
1 L North Shelley Rock Fork (37º 29.413’, -83º 09.435) 
 
22 C West Shelley Rock Fork (37º 29.082’, -83º 09.413’) 
 
2 I Wet Fork (37º 29.499’, -83º 07.623’) 
 
2 J Wet Fork (37º 29.623’, -83º 07.370’) 
 
2 K West Shelley Rock Fork (37º 29.151’, -83º 09.729’) 
 
 
1 Treatment 1 involved no Streamside Management Zone (SMZ) requirements or canopy 
retention requirements, and also crossings were unimproved fords. 
 
2 Treatment 2 involved a 7.6m wide SMZ, the retention of the nearest canopy tree to the 
stream (tree stringer), and improved crossings in the form of skidder bridges, steel 
culverts, and PVC pipe bundles. 
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Table 3. Pre-harvest salamander captures organized by species and by salamander 
sampling site for sampling conducted from 9 March 2007 to 17 May 2008. 
 
 
 Site  
 
Species 
 
A 
 
B 
 
C 
 
D 
 
E 
 
F 
 
H 
 
I 
 
J 
 
K 
 
L 
 
Total 
 
 
Desmognathus spp. 
 
 
1 
 
1 
 
8 
 
6 
 
7 
 
5 
 
2 
 
2 
 
1 
 
1 
 
0 
 
34 
 
Eurycea cirrigera 3 1 8 2 0 2 3 5 2 0 0 26 
 
Hemidactylum scutatum 0 0 0 0 0 0 0 0 1 0 0 1 
 
Notophthalmus 
viridescens 
 
8 5 7 10 1 2 1 7 2 19 5 67 
 
Plethodon glutinosus 23 15 28 4 9 41 32 4 12 4 0 172 
 
Plethodon richmondi 8 8 8 6 5 17 7 10 10 4 5 88 
 
Pseudotriton ruber 0 0 3 2 2 2 4 4 2 0 2 21 
 
 
Total 
 
  
43
 
30
 
62
 
30
 
24
 
69
 
49
 
32 
 
30 
 
28 
 
12
 
409 
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Table 4. Post-harvest salamander captures organized by species and by salamander 
sampling site for sampling conducted from 23 September 2011 until 4 November 2012. 
 
 
 Site  
 
Species 
 
A 
 
B 
 
C 
 
D
 
E 
 
F 
 
H 
 
I 
 
J 
 
K 
 
L
 
Total 
 
 
Ambystoma maculatum 
 
1 
 
1 
 
0 
 
0 
 
0 
 
0 
 
0 
 
1 
 
0 
 
0 
 
0 
 
3 
 
Desmognathus spp. 0 1 6 0 5 15 4 0 4 1 0 36 
 
Eurycea cirrigera 2 0 4 0 1 4 1 2 0 0 0 14 
 
Eurycea longicauda 1 0 0 0 0 0 0 0 0 0 0 1 
 
Gyrinophilus 
porphyrititcus 
 
0 0 0 0 0 3 0 0 0 0 0 3 
 
Notophthalmus viridescens 2 3 8 5 1 2 2 5 1 6 8 43 
 
Plethodon glutinosus 27 9 11 2 4 31 4 13 4 0 0 105 
 
Plethodon richmondi 0 2 4 1 3 6 0 3 1 0 1 21 
 
Pseudotriton ruber 0 0 2 1 0 2 1 2 0 0 0 8 
 
 
Total 
 
  
33
 
16
 
35
 
9 
 
14
 
63
 
12
 
26 
 
10 
 
7 
 
9 
 
234 
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Table 5. Differences in total site-specific salamander captures between pre- and post-
harvest sampling. The number refers to the difference in salamander captures observed in 
post-harvest sampling in relation to pre-harvest sampling. 
 
 
  
Site 
 
 
Species 
  
A 
 
B 
 
C 
 
D 
 
E 
 
F 
 
H 
 
I 
 
J 
 
K 
 
L 
 
Totals 
 
 
Ambystoma  
maculatum 
 
  
+1 
 
+1 
 
0 
 
0 
 
0 
 
0 
 
0 
 
+1
 
0 
 
0 
 
0 
 
+3 
 
Desmognathus  
spp. 
 
 -1 0 -2 -6 -2 +10 +2 -2 +3 0 0 +2 
 
Eurycea  
cirrigera 
 
 -1 -1 -4 -2 +1 +2 -2 -3 -2 0 0 -12 
 
Eurycea  
longicauda 
 
 +1 0 0 0 0 0 0 0 0 0 0 +1 
 
Gyrinophilus  
porphyrititcus 
 
 0 0 0 0 0 +3 0 0 0 0 0 +3 
 
Hemidactylum 
 scutatum 
 
 0 0 0 0 0 0 0 0 -1 0 0 -1 
Notophthalmus  
viridescens 
 
 -6 -2 +1 -5 0 0 +1 -2 -1 -13 +3 -24 
 
Plethodon 
 glutinosus 
 
 +4 -6 -17 -2 -5 -10 -28 +9 -8 -4 0 -67 
 
Plethodon 
 richmondi 
 
 -8 -6 -4 -5 -2 -11 -7 -7 -9 -4 -4 -67 
 
Pseudotriton  
ruber 
 
 0 0 -1 -1 -2 0 -3 -2 -1 0 -2 -12 
 
 
Totals 
 
 
 
 
-10 
 
-14 
 
-27
 
-21
 
-10
 
-6 
 
-37
 
-6 
 
-19
 
-21 
 
-3 
 
-174 
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Table 6. Salamander captures organized by species and method for both pre- and post-
harvest datasets. Pre-harvest data is not italicized, post-harvest data is italicized and in 
parentheses. 
 
 
 Method
 
 
 
Species 
  
Drift 
fence/pitfall 
 
Coverboard
 
Stream 
transect 
 
Leaf 
litter 
 
 
Total 
 
Ambystoma 
maculatum 
 
  
0 (3) 
 
0 (0) 
 
0 (0) 
 
0 (0) 
 
0 (3) 
Desmognathus  
spp. 
 
 5 (1) 3 (1) 26 (34) 0 (0) 34 (36) 
Eurycea  
cirrigera 
 
 10 (2) 12 (8) 4 (3)  0 (1) 26 (14) 
Eurycea  
longicauda 
 
 0 (0) 0 (1) 0 (0) 0 (0) 0 (1) 
Gyrinophilus 
porphyrititcus 
 
 0 (3) 0 (0) 0 (0) 0 (0) 0 (3) 
Hemidactylum 
scutatum 
 
 0 (0) 0 (0) 0 (0) 1 (0) 1(0) 
Notophthalmus 
viridescens 
 
 47 (39) 15 (3) 4 (1) 1 (0) 67 (43) 
Plethodon  
glutinosus 
 
 3 (5) 162 (99) 0 (1) 7 (0) 172 
(105) 
Plethodon  
richmondi 
 
 14 (5) 52 (12) 1 (1) 22 (3) 88 (21) 
Pseudotriton  
ruber 
 
 19 (8) 1 (0) 0 (0) 1 (0) 21 (8) 
 
Totals 
  
98 (66) 
 
245 (124) 
 
35 (40) 
 
31 (4) 
 
409 
(234) 
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Table 7. Salamander captures organized by site and method for both pre- and post-harvest 
datasets. Pre-harvest data is not italicized, post-harvest data is italicized and in 
parentheses. 
 
 
 Method  
 
 
Site 
 
  
Drift fence/pitfall 
 
Coverboard
 
Stream transect
 
Leaf litter 
 
Total 
 
 
A 
  
7 (3) 
 
31 (28) 
 
2 (2) 
 
3 (0) 
 
43 (33) 
 
B  9 (4) 15 (10) 0 (1) 6 (1) 30 (16) 
 
C  17 (14) 41 (12) 3 (6)  1(1) 62 (35) 
 
D  12 (4) 10 (4) 6 (0) 2 (0) 30 (9) 
 
E  3 (4) 11 (6) 7 (4) 3(0) 24 (14) 
 
F  6 (11) 55 (37) 5 (18) 3 (0) 69 (63) 
 
H  7 (3) 39 (5) 2 (4) 1 (0) 49 (12) 
 
I  13 (8) 10 (17) 3 (0) 6 (1) 32 (26) 
 
J  9 (1) 16 (4) 3 (4) 2 (1) 30 (10) 
 
K  13 (6) 11 (0) 2 (1) 2 (0) 28 (7) 
 
L  3 (8) 4 (1) 2 (0) 3 (0) 12 (9) 
 
 
Totals 
  
99 (66) 
 
243 (124) 
 
35 (40) 
 
32 (4) 
 
(234) 
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Table 8. Parameter estimate means and 95% confidence intervals for the variable 
“treatment”, organized by genera and species for sampling conducted after harvests were 
implemented, from 23 September 2011 until 4 November 2012. 
 
 
 
 
Species 
 
 
Control 
 
Treatment 1 
 
Treatment 2 
 
Desmognathus spp. 
 
0.70 (-0.33, 1.82) 
 
-0.92 (-2.87, 0.68) 
 
0.76 (-0.35, 1.83) 
 
Eurycea cirrigera 
 
-0.11 (-1.18, 0.96) 
 
-2.35 (-5.74, -0.29)* 
 
1.43 (0.15, 3.04)* 
 
Notophthalmus 
viridescens 
 
-0.88 (-1.91, 0.037) 
 
-0.059 (-0.90, 0.72) 
 
2.43 (1.23, 4.07)* 
 
Plethodon glutinosus 
 
0.92 (0.22, 1.71)* 
 
-1.16 (-2.66, 0.10) 
 
1.28 (0.43, 2.07)* 
 
Plethodon richmondi 
 
0.27 (-0.97, 1.54) 
 
-0.87 (-2.84, 0.82) 
 
 
0.75 (-0.59, 2.15) 
 
* denotes significance 
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Table 9. Parameter estimate means and 95% confidence intervals for the variable 
“treatment”, organized by genera and species for sampling conducted before harvests 
were implemented, from 9 March 2007 until 17 May 2008. 
 
 
 
Species 
 
 
Control 
 
Treatment 1 
 
Treatment 2 
 
Desmognathus spp. 
 
0.18 (-0.84, 1.22) 
 
-0.31 (-1.70, 0.91) 
 
1.21 (0.095, 
2.46)* 
 
Eurycea cirrigera 
 
-0.90 (-2.37, 0.44) 
 
-0.69 (-2.14, 0.65) 
 
1.27 (-0.0060, 
2.70) 
 
Notophthalmus 
viridescens 
 
-0.73 (-1.61, 0.091) 
 
-0.41 (-1.27, 0.41) 
 
2.07 (1.16, 3.34)* 
 
Plethodon glutinosus 
 
0.65 (0.14, 1.18)* 
 
0.022 (-0.61, 0.65) 
 
2.16 (1.55, 2.78)* 
 
Plethodon richmondi 
 
0.20 (-0.37, 0.80) 
 
-0.28 (-1.01, 0.43) 
 
 
2.70 (1.49, 4.43)* 
 
* denotes significance 
 
 
 
 
 
 
59 
 
Figure 1: Map of salamander capture sites. Each cross refers to the listed site, and the 
location of the weather station is also shown. 
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Figure 2: Diagram of a salamander sampling array used in this study. Coverboards were 
placed within 5m of the stream channel. Five leaf litter searches were conducted 
randomly on each side of the stream channel, and a 5m stream transect was searched for 
salamanders at each site. From Schneider (2010). 
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